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Abstract Finding the orbital abnormal of orbiting satellite accurately and in time has great mean-

ings. The presented method can find the orbital abnormal of debris or spacecraft effectively, which

provide data supports to analyse and verify the collision event computed by space debris collision

avoidance system. The orbital abnormal also includes the orbit maneuver and other orbit change.

This paper discussed how to analyse the orbital abnormal of LEO satellites using TLE data. Then,

a method of using the satellite adjacent elements plus compositive criterion are presented. The basic
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idea of compositive criterion method is to get each sub criterion and turnover rate using a certain

period data of satellites, and each satellite has its own criterion instead of using an settled criterion

to all satellites. Analysis showed that compared to using a single element threshold method, the

compositive criterion method decreases the missing discrimination and also has a high accuracy of

right discrimination. This paper also briefly analyzed other kinds of orbit using the same method.
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T 1 VW 600∼1000 km XYZ[\U]^ (_ |Δa| `ab)

Table 1 600∼1000 km satellites orbital abnormity (using |Δa| criterion)

|Δa| �� K�N� ��� |Δa| �� K�N� ��� |Δa| �� K�N� ���
/km �/(%) /(%) /km �/(%) /(%) /km �/(%) /(%)

> 3 × 10−1 8.70 82.67 9 × 10−3 ∼ 1 × 10−2 60.38 21.33 1 × 10−3 ∼ 2 × 10−3 98.77 0.00

2 × 10−1 ∼ 3 × 10−1 58.62 81.33 8 × 10−3 ∼ 9 × 10−3 74.39 14.67 8 × 10−4 ∼ 1 × 10−3 99.42 0.00

1 × 10−1 ∼ 2 × 10−1 53.70 74.67 7 × 10−3 ∼ 8 × 10−3 76.42 6.67 6 × 10−4 ∼ 8 × 10−4 99.30 0.00

8 × 10−2 ∼ 1 × 10−1 54.55 73.33 6 × 10−3 ∼ 7 × 10−3 87.14 5.33 4 × 10−4 ∼ 6 × 10−4 99.51 0.00

6 × 10−2 ∼ 8 × 10−2 46.15 70.67 5 × 10−3 ∼ 6 × 10−3 92.51 4.00 2 × 10−4 ∼ 4 × 10−4 99.68 0.00

4 × 10−2 ∼ 6 × 10−2 32.26 68.00 4 × 10−3 ∼ 5 × 10−3 92.91 2.67 1 × 10−4 ∼ 2 × 10−4 99.78 0.00

2 × 10−2 ∼ 2 × 10−2 37.50 56.00 3 × 10−3 ∼ 4 × 10−3 95.37 1.33 < 10−4 99.69 0.00

1 × 10−2 ∼ 2 × 10−2 59.68 29.33 2 × 10−3 ∼ 3 × 10−3 97.30 1.33

T 2 VW 600∼1000 km XYZ[\U]^ (_ |Δa/Δt| `ab)

Table 2 600∼1000 km satellites orbital abnormity (using |Δa/Δt| criterion)

|Δa/Δt| ��/(km· d−1) K�N��/(%) ���/(%) |Δa/Δt| ��/(km· d−1) K�N��/(%) ���/(%)

>1 74.47 84.00 1 × 10−2 ∼ 2 × 10−2 93.04 16.00

5 × 10−1 ∼ 1 90.00 78.67 8 × 10−3 ∼ 1 × 10−2 95.85 5.33

1 × 10−1 ∼ 5 × 10−1 92.86 69.33 6 × 10−3 ∼ 8 × 10−3 98.93 0.00

8 × 10−2 ∼ 1 × 10−1 93.75 68.00 4 × 10−3 ∼ 6 × 10−3 100.00 0.00

6 × 10−2 ∼ 8 × 10−2 91.43 64.00 2 × 10−3 ∼ 4 × 10−3 100.00 0.00

4 × 10−2 ∼ 6 × 10−2 88.14 54.67 1 × 10−3 ∼ 2 × 10−3 100.00 0.00

2 × 10−2 ∼ 4 × 10−2 97.35 49.33 < 1 × 10−3 100.00 0.00

T 3 VW 600∼1000 km XYZ[\U]^ (_ dn `ab)

Table 3 600∼1000 km satellites orbital abnormity (using dn criterion)

dn �� K�N��/(%) ���/(%) dn �� K�N��/(%) ���/(%)

>20 10.45 54.67 5∼6 95.59 4.00

10∼20 53.72 21.33 4∼5 97.14 4.00

9∼10 70.59 14.67 3∼4 97.69 4.00

8∼9 85.51 13.33 2∼3 98.70 4.00

7∼8 99.21 9.33 1∼2 98.76 0.00

6∼7 89.09 8.00 < 1 98.71 0.00
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Fig. 1 Mean motion of a satellite in a certain period
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T 4 r]Z[\Uaspq
Table 4 Part of the results using compositive criterion

dm km Δt/d δ1/km δ2/(km·d−1) δ3 ��t�/e ����/e N�/e ���/(%) ���
1 28413 0.302 0.006 0.01803 5.88 2813 12 1 92 0

2 28414 0.295 0.005 0.01322 6.71 2833 3 3 0 0

3 28479 0.298 0.002 0.01490 5.67 2817 19 3 84 0

4 29505 0.291 0.006 0.01322 9.98 2872 12 3 75 0

5 29506 0.294 0.003 0.01135 13.02 2842 18 4 77 0

6 31113 0.302 0.001 0.00414 6.30 2340 66 6 91 0

7 31490 0.290 0.002 0.01286 5.42 2361 53 1 98 0

8 32062 0.298 0.001 0.00466 4.55 1873 130 19 85 0

T 5 r[ 33 stu 2251 vwxyz{ TLE |b]^
Table 5 Analysis of the orbital elements of Iridium 33 and Cosmos 2251 after collision

il Æu�n |Δa|/km δ1/km |Δa/Δt|/(km· d−1) δ2/(km· d−1) dn δ3
���� �� fo

/UTC δ �� ��
IRIDIUM 2009-02-12

5.796 0.002 4.148 0.00720 12264.62 7.77 1684.216 1 f
33 03:48:05

COSMOS 2009-02-12
3.042 0.002 2.292 0.00239 17903.02 7.75 1596.955 1 f

2251 02:00:40
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